INTRODUCTION
The alternative treatment options for patients with chronic stable ischemic heart disease (IHD) are medical therapy alone or in combination with revascularization by either coronary artery bypass grafting (CABG) or percutaneous coronary intervention (PCI). 1 Multiple randomized controlled trials (RCT), including the landmark Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation (COURAGE) and Bypass Angioplasty Revascularization Investigation 2 Diabetes (BARI 2D) Study, have compared the efficacy of revascularization versus optimal contemporary medical therapy. [2] [3] [4] Although these studies have consistently shown no difference, they have been criticized due to restrictive recruitment strategies and unrealistic levels of medication compliance and lifestyle modification. 5 Thus, there is substantial uncertainty as to the generalizability of the RCT findings to routine clinical practice.
Accordingly, we conducted a comparative effectiveness study of routine medical therapy versus revascularization in patients with stable IHD, using a population-based clinical registry in Ontario, Canada. Our objectives were to determine if the efficacy results in the RCTs were reflected by real-world effectiveness, and to provide insights as to the nature of any discrepancies between real world and clinical trial results.
METHODS
This study was approved by the Institutional Research Ethics Board at Sunnybrook Health Sciences Centre.
Data Sources
Our analyses were conducted using data from the Cardiac Care Network (CCN) of Ontario, Canada. CCN is a network of the 18 hospitals providing cardiac services in Ontario. 6, 7 CCN maintains a prospective clinical registry of all individuals who undergo cardiac angiography, PCI, or CABG in the province. 7 The accuracy of the anatomical and clinical data in the CCN registry has been validated through selected chart audits and angiographic core lab over-reading. 8 Data from the CCN registry were linked using encrypted unique identifiers to population-based administrative databases containing information on all Ontario residents. Ontario has more than 13 million residents, all of whom have universal access to physician and hospital services through a single-payer publicly funded healthcare program, administered by the Ministry of Health and Long Term Care of Ontario (MOHLTC). These databases are available at the Institute for Clinical Evaluative Sciences (ICES). The Canadian Institute for Health Information discharge abstract database (CIHI-DAD) contains data on all hospitalizations. The National Ambulatory Care Reporting Service (NACRS) database contains data for hospital-based ambulatory care, including emergency department visits. Death was ascertained using the Ontario Registered Persons Database (RPDB). The Ontario Drug Benefit database (ODB) has comprehensive drug utilization information on patients over 65 years, for whom full drug coverage is provided for by the MOHLTC. 9 
Study Population
Our cohort consisted of patients with an index angiogram for the indication of stable IHD, as entered by the procedural physician in the CCN registry, from 1 October 2008 to 30 September 2011. Inclusion criteria were obstructive coronary artery, defined as stenosis greater than 70 % in severity (or greater than 50 % in the left main artery). 2 We excluded patients whose indications for angiography,in the CCN registry were myocardial infarction (MI), acute coronary syndrome (ACS), or valvular heart disease. We also excluded patients with a hospitalization for a MI/ACS in the 90 days prior to the index angiogram, in order to identify a stable cohort. We categorized patients broadly into two treatment strategies: 1) those with an initial medical strategy, versus 2) an initial revascularization strategy (either PCI or CABG) within 90 days of their index angiogram. This definition is similar to that used previously in the literature, and is accurate, given wait-times for elective coronary revascularization in Ontario (median and 90th percentile of 2 and 20 days for PCI and 14 and 50 days for CABG respectively). 7, 8 Patients with multiple angiograms in the accrual time period were categorized based on their first angiogram.
Outcomes
Our primary outcome was all-cause mortality, based on the RPDB. Secondary outcomes were hospitalization for non-fatal MI and repeat revascularization with either PCI or CABG. We defined MI using a validated algorithm based on the most responsible diagnosis (using International Classification of Disease (ICD) Version 10 codes I21,I22, and I25.2) in the CIHI-DAD and NACRS. 10 Repeat PCI/CABG was ascertained in the CCN registry. Maximum follow-up was until 31 December 2012. In patients greater than 65 years of age (for whom drug utilization data are available in the ODB), we compared medication use prior to the index angiogram, to that within the first year post angiogram. Medication classes included thienopyridines (clopidogrel), angiotension converting enzyme (ACE) inhibitors, angiotension receptor blockers (ARB), β-blockers, statins, calcium channel blockers (CCB) and long acting nitrates. Aspirin was not included, as it is available over the counter and therefore not accurately recorded in the ODB database.
Statistical Analysis
Differences in baseline characteristics were compared using χ 2 test for categorical variables, and ANOVA for continuous variables. Unadjusted Kaplan-Meier curves comparing death, MI and repeat PCI/CABG were developed for medical therapy and each of the revascularization modalities. We conducted two adjusted analyses: a) multivariable Cox-proportional hazard models with therapy strategy treated as a time-varying covariate, and b) propensity score matched analyses. Each analysis is described separately below.
Time-Varying Treatment Status Models. We developed Cox-proportional models to model the hazard of the occurrence of our primary and secondary outcomes. Treatment strategy was treated as a time-varying covariate. All patients were initially considered non-revascularized (medical therapy only) until the time of revascularization, at which point they were considered to have switched to the revascularization arm of the study. Such an approach mitigates the potential for immortal time/survivorship bias. 11 We used a robust 'sandwich-type' variance estimator to account for the clustering of patients within hospital. Candidate variables for risk adjustment included demographics, comorbidities/disease severity, physician characteristics, and hospital factors. The significance of an interaction between age and treatment strategy was tested. Continuous variables were centered using median values.
As a sensitivity analysis, we repeated our models with PCI, CABG and medical therapy as three separate groups in a traditional non-time-varying Cox model in which patients were classified according to the choice of therapy in the initial 90 days post angiogram. We also repeated the analyses excluding all patients with a previous MI.
Propensity Matched Analyses.
A propensity-matched analysis of patients who were equally likely to be treated with medical therapy versus revascularization was conducted to further account for measured confounding. 12 We fitted a multivariable logistic regression to model the use of revascularization within 90 days of the index angiogram, using our baseline characteristics. This model was used to calculate a propensity score, which was the expected probability of being revascularized, conditional on the covariates in the model. 12 We then created a propensityscore-matched cohort by matching each revascularized patient with a medical therapy patient (a 1:1 match).
12 A nearest-neighbour-matching algorithm was used to match patients on the basis of the logit of their propensity score.
12
A match was made if the difference in the logits of the propensity scores was less than 0.3 of the standard deviation of the scores (known as the caliper width). 13 This process was repeated until matches had been attempted for all revascularized patients; the matching was done without replacement, and thus each matched pair was unique. 12 To assess the degree of the balance between the two matched groups, a standardized difference was computed for each explanatory factor, with a standardized difference of less than 0.1 indicating a good balance in the matched cohort.
14 Kaplan-Meier curves were estimated for the matched pairs and the stratified log-rank test was used to test for equality of the estimated survival curves. 15 In addition, hazard ratios were calculated for death, MI and repeat PCI/CABG using a Cox model with robust variance estimators to account for the matched nature of the sample. To account for possible immortal time/survivorship bias, we recreating the propensity-match pairs after excluding any patients who died in the first 90 days. 11 As a subgroup analysis, we repeated the propensity match in a restricted cohort of patients who would have been eligible for the COURAGE study. We performed this subgroup to provide insight as to the impact of the restrictive RCT enrollment criteria on any discrepancies we observed in effectiveness between RCT and clinical practice. The restricted cohort excluded patients with significant left-main artery disease, Canadian Cardiovascular Society (CCS) 4 angina, CCS 0-2 angina without positive stress testing, patients with left ventricular ejection fraction (LVEF)<30, % and those with revascularization in the 6 months prior to the index angiogram.
2 SAS Version 9.3 (SAS Institute Inc, Cary, North Carolina) was used for all analyses; p values of < 0.05 were significant.
RESULTS

Study Population
As illustrated in The median time to PCI was 0 days (mean 8.1;IQR 0-13), and the median to CABG was 28 days (mean 31.3; IQR 8-49).
The baseline characteristics of the final cohort are shown in Table 1 , with medication use for the 20,663 patients over 
Unadjusted Outcomes
Over a median follow-up of 2.5 years (maximum 4.1 years), 7.6 % of CABG and 6.8 % of PCI patients died, compared to 13.4 % of medical therapy patients (p<0.001) (Online Appendix Fig. 1a) . Additionally, 6.1 % of CABG patients had a MI, compared to 11.4 % for PCI and 15.3 % for medical therapy (p<0.001) (Online Appendix Fig. 1b) . For repeat revascularization, 4.8 % of CABG patients had a repeat procedure, compared to 23.0 % of medical patients and 21.7 % of PCI patients (p<0.001) (Online Appendix Fig. 1c ).
Time-Varying Multivariable Cox-Models
In time-varying multivariable models, revascularization was associated with fewer deaths (Hazard ratio (HR) 0.76; 95 % CI 0.68-0.84; p<0.001), MIs (HR 0.78; 95 % CI 0.72-0.85; p<0.001) and repeat PCI/CABG (HR 0.59; 95 % CI 0.50-0.70; p<0.001), compared to medical therapy (Online Appendix Table 1 ). There was a significant interaction between age and treatment strategy on mortality (p=0.0373), with the magnitude of benefit of revascularization decreasing with advancing age. In sensitivity analyses, there was a consistent reduction in death associated with both PCI and CABG compared to medical therapy (PCI: HR 0.73; 95 % CI 0.65-0.81; p< 0.001 and CABG: HR 0.70; 95 % CI 0.62-0.79; p<0.001, respectively). There was no difference in non-fatal MI between PCI and medical therapy (HR 0.98, 95 % CI 0.90-1.07; p=0.642). In contrast, CABG was associated with a lower hazard of non-fatal MI (HR 0.42; 95 % CI 0.36-0.48; p < 0.001). Both PCI and CABG were associated with a reduction in repeat revascularization compared to medical therapy (PCI: HR 0.90; 95 % CI 0.85-0.95; p<0.001 and CABG: HR 0.10; 95 % CI 0.08-0.11; p<0.001, respectively). When all patients with a previous MI were excluded, revascularization continued to be associated with a reduction in mortality (HR 0.69; 95 % CI 0.62-0.77; p<0.001) and repeat MI (HR 0.73; 95 % CI 0.66-0.82).
Propensity-Matched Analyses
We were able to identify 12,362 pairs of well-matched medical therapy and revascularization patients (Table 3) , with standardized differences of less than 0.1 for all covariates. The use of medications in the propensitymatched patients above 65 years (n=13,535) is found in Online Appendix Table 2 , and is consistent with the overall cohort. As seen in Fig. 2a , over the follow-up period, 12.7 % of the medical therapy patients died, compared to 8.6 % of the revascularization patients (HR 0.75; 95 % CI (Fig. 2b) . For repeat PCI/CABG, 17.4 % of the revascularization patients required a subsequent procedure compared to 24.1 % of the medical patients (HR 0.67; 95 % 0.63-0.71; p<0.001) (Fig. 2c) . When restricted to patients who survived at least 90 days, we found a similar benefit associated with revascularization in survival (HR 0.77; 95 % CI 0.67-0.87; p<0.001), non-fatal MI (HR 0.88; 95 % CI 0.79-0.97; p=0.01) and repeat PCI/CABG (0.67; 95 % CI 0.63-0.72; p<0.001). In the 4,838 propensity-matched pairs of medical therapy and revascularized patients who would have met the eligibility criteria for COURAGE (22.6 % of original cohort: Online Appendix Figure 2 , Online Appendix Table 3) , there continued to be a statistically significant benefit for mortality, MI and repeat PCI/CABG associated with revascularization (Online Appendix Fig. 3a-c) .
DISCUSSION
In this population-based analysis of stable IHD after coronary angiography, we found that patients treated with revascularization had improved risk-adjusted outcomes compared to patients treated medically. This is in contrast to the efficacy results from RCTs. Our results were robust to multiple sensitivity analyses, accounting for survivorship bias, and also when restricted to a population comparable to that enrolled in the COURAGE trial. Our study suggests that we cannot be complacent in applying RCT results regarding the efficacy of optimal medical therapy to clinical practice-rather, it is critical to consider the underlying reasons for the discrepancies between our findings and that of RCTs. There are several potential explanations for our findings. First, ours was an observational study, and thus prone to confounding. To account for this, we performed multiple statistical methods for risk adjustment; however, none can account for unmeasured variables. Although we cannot discount that residual confounding may persist, it is reassuring that our results remain consistent across the different methods. Second, the differences may be driven by the restrictive nature of RCT populations. When we restricted our cohort to a group comparable to that enrolled in the COURAGE trial, although the magnitude of the differences was less, we continued to see an improvement in outcomes associated with revascularization.
Third, translation of the efficacy results from clinical trials requires that both revascularized and medical patients received optimal management. 2 Unfortunately, multiple studies have shown that evidence-based, guideline recommended therapies are underutilized in stable IHD. [16] [17] [18] Indeed, Borden and colleagues found relatively little impact on these practice patterns even after the publication of the COURAGE trial. 19 Reassuringly, both groups of patients in our cohort achieved relatively high levels of medication use post angiography. The only medication in which there were large differences in uptake between groups was clopidogrel; however, in stable IHD, dual anti-platelet therapy with both aspirin and clopidogrel is not associated with a mortality benefit and instead is indicated primarily after a PCI. 20 Nonetheless revascularized patients had higher levels of some cardio-protective medications such as statins, which are associated with a survival benefit in stable IHD. 21 Although this difference in the use of cardio-protective medications may be one of the mediators of the improved outcomes seen in revascularized patients, given the small absolute differences in medication use, it is unlikely that this is the sole explanation. Importantly, this finding suggests that revascularization may simply be a marker of better overall quality of care. Previous studies have suggested that patients receiving routine medical therapy in routine clinical practice are undertreated compared to patients who are revascularized. 22 Further research is needed to determine if other performance markers of improved quality of care are more consistently achieved in revascularized patients, when compared to routine medical therapy patients. 23 For example, are revascularized patients followed up more frequently, or are life style modifications, such as increased physical activity and smoking cessation more emphasized, when compared to medical therapy patients? If confirmed, this has important implications for clinical practice, and provides a focus for quality improvement efforts. Previous investigators have found similar results regarding the improved real-world effectiveness of PCI and CABG compared to medical therapy; our work reinforces these real world discrepancies with RCT findings in a more contemporary post-COURAGE cohort. 24, 25 It is important to consider the role of observational studies such as ours, compared to RCTs. Large, multi-centre RCTs represent the highest level of evidence for determining the efficacy of an intervention. 1 As such, we are not suggesting that our contrasting results should take precedence over RCTs, or that revascularization should be the modality of choice in stable IHD. Instead, the goal of comparative effectiveness studies is to understand the reason for any differences observed between these two types of studies. If the discrepancies are purely due to issues such as selection bias, then we can be reassured. However, it is important to confirm if the reasons are secondary to the type of care received in clinical practice versus RCTs; for example, can we be doing better in terms of how routine medical therapy patients are cared for in the real world? This identifies potential actionable areas to improve clinical practice, such that the efficacy of optimal medical therapy seen in RCTs can be realized. Our results must be interpreted in the context of several limitations that merit discussion. First, we only included patients post angiography, which constitutes a more selected population than the general population of patients with stable IHD. However, this is similar to patients who were enrolled in the RCTs in this area.
2,4 Second, we used clinical registry and administrative databases that may lack information on potentially important confounders such as concomitant valve disease. Finally, the observational nature of our study precludes any conclusions about causality. It is important that our results not be interpreted such that the observed benefits are due to revascularization alone. Rather, further research is needed to elucidate the underlying reasons for the differences that we observed, with the goal of ultimately more closely approximating the results seen in trials such as COURAGE and BARI-2D.
In conclusion, we found that stable IHD patients treated with revascularization had improved risk-adjusted outcomes in clinical practice, potentially due to under-treatment of the medical therapy patients. This may provide a focus for quality improvement to optimize real world medical therapy.
